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SUBSTRATE HOLDING DEVICE AND 
POLISHING APPARATUS 

TECHNICAL FIELD 

The present invention relates to a polishing apparatus for 
polishing a substrate, such as a semiconductor Wafer, to form 
a ?at and mirror-?nished surface thereon, and more particu 
larly to a substrate holding device for pressing a substrate via 
an elastic membrane against a polishing surface of the pol 
ishing apparatus. 

BACKGROUND ART 

In recent years, semiconductor devices have become small 
in siZe and the structure of semiconductor elements have 
become more complicated. In addition, the layers in multi 
layer interconnects used for a logical system have increased 
in number. Accordingly, irregularities on a surface of a semi 
conductor device are likely to increase and step heights are 
also likely to increase. This is because, during a manufactur 
ing process of the semiconductor device, a thin ?lm is formed 
on the semiconductor device, then micromachining pro 
cesses, such as patterning or forming holes, are performed on 
the semiconductor device, and these processes are repeated 
many times to form subsequent thin ?lms on the semiconduc 
tor device. 

When irregularities on the surface of the semiconductor 
device increase, the folloWing problems arise. When a thin 
?lm is formed on the semiconductor device, the thickness of 
the ?lm formed on the step portions is relatively small. Fur 
ther, an open circuit may be caused by disconnection of 
interconnects, or a short circuit may be caused by insuf?cient 
insulation betWeen interconnect layers. As a result, it is dif 
?cult to obtain good products, and the yield tends to be 
loWered. Even if a semiconductor device initially Works nor 
mally, reliability of the semiconductor device is loWered after 
long-term use. Further, at a time of exposure during the 
lithography process, if an irradiation surface has irregulari 
ties, then a lens unit in an exposure system is locally unfo 
cused. Therefore, if the irregularities on the surface of the 
semiconductor device increase, it becomes problematically 
dif?cult to form the ?ne pattern itself on the semiconductor 
device. 

Thus, it becomes increasingly important in a manufactur 
ing process of a semiconductor device to planariZe the surface 
of the semiconductor device. One of the most important pla 
nariZing technologies is chemical mechanical polishing 
(CMP). The chemical mechanical polishing is performed 
using a polishing apparatus. Speci?cally, a substrate, such as 
a semiconductor Wafer, is brought into sliding contact With a 
polishing surface While a polishing liquid containing abrasive 
particles such as silica (SiO2) is supplied onto the polishing 
surface, so that the substrate is polished. 

This kind of polishing apparatus comprises a polishing 
table having a polishing surface formed on a polishing pad, 
and a substrate holding device, Which is called a top ring, for 
holding a semiconductor Wafer. The polishing apparatus pol 
ishes a semiconductor Wafer as folloWs. The substrate holding 
device holds the semiconductor Wafer and presses the semi 
conductor Wafer against the polishing surface at a certain 
pressure. In this state, the polishing table and the substrate 
holding device are moved relative to each other to bring the 
semiconductor Wafer into sliding contact With the polishing 
surface, Whereby the semiconductor Wafer is polished to have 
a ?at and mirror-?nished surface. 
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2 
In the above polishing apparatus, if the relative pressing 

force betWeen the semiconductor Wafer and the polishing 
surface of the polishing pad is not uniform over an entire 
surface of the semiconductor Wafer during polishing, then the 
semiconductor Wafer may be insu?iciently polished or may 
be excessively polished at some portions depending on the 
pressing force applied to those portions of the semiconductor 
Wafer. In order to avoid such a draWback, it has been 
attempted to form a substrate-holding surface of the substrate 
holding device With use of an elastic membrane made of 
elastic material such as rubber, and to apply ?uid pressure 
such as air pressure to a backside surface of the elastic mem 
brane so as to provide a uniform pressing force over the entire 
surface of the semiconductor Wafer. 

HoWever, use of such an elastic membrane may meet the 
folloWing problems. When the semiconductor Wafer is being 
rotated, the elastic membrane is tWisted and deformed. As a 
result, a polishing rate, i.e., a removal rate, at a peripheral 
portion (edge portion) of the semiconductor Wafer is greatly 
loWered compared With other portions. Further, due to such 
tWisting and deformation of the elastic membrane, a polishing 
pro?le may not be symmetrical, especially at the edge por 
tion, about a center of the semiconductor Wafer. Furthermore, 
individual differences of elastic membranes and retainer 
rings, Which hold a peripheral portion of the semiconductor 
Wafer, may cause a variation in polishing pro?les among the 
top rings. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the above 
draWbacks. It is, therefore, an object of the present invention 
to provide a substrate holding device and a polishing appara 
tus Which can prevent tWisting and deformation of an elastic 
membrane attached to a substrate-holding surface to thereby 
achieve high-quality polishing. 

In order to achieve the above objects, according to an 
aspect of the present invention, there is provided a substrate 
holding device comprising an elastic membrane that is to be 
brought into contact With a rear surface of a substrate, an 
attachment member for securing at least a portion of the 
elastic membrane, and a retainer ring for holding a peripheral 
portion of the substrate While the substrate is in contact With 
the elastic membrane. The elastic membrane includes at least 
one projecting portion, and the attachment member includes 
at least one engagement portion engaging the at least one 
projecting portion of the elastic membrane. 

In a preferred aspect of the present invention, the at least 
one projecting portion projects radially inWardly of the elastic 
membrane. 

In a preferred aspect of the present invention, the at least 
one projecting portion comprises plural projecting portions, 
and the at least one engagement portion comprises plural 
engagement portions. 

In a preferred aspect of the present invention, the plural 
engagement portions are arranged symmetrically about a cen 
ter of the substrate. 

In a preferred aspect of the present invention, the at least 
one engagement portion has a thickness larger than or equal to 
a thickness of the elastic membrane to be brought into contact 
With the rear surface of the substrate. 

With these structures, When the elastic membrane is about 
to be tWisted due to rotation of the substrate holding device, 
the projecting portion(s) of the elastic membrane engages the 
engagement portion(s) of the attachment member to thereby 
suppress tWisting of the elastic membrane to a minimal level. 
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Therefore, a polishing pro?le can be appropriately controlled, 
and high-quality polishing can be achieved. 

According to another aspect of the present invention, there 
is provided a substrate holding device comprising an elastic 
membrane that is to be brought into contact With a rear surface 
of a substrate, an attachment member for securing at least a 
portion of the elastic membrane, and a retainer ring for hold 
ing a peripheral portion of the substrate While the substrate is 
in contact With the elastic membrane. The elastic membrane 
comprises a circumferential membrane having a projecting 
portion. The projecting portion projects radially inWardly 
from a circumferential edge of the elastic membrane and 
extends entirely along the circumferential edge of the elastic 
membrane. 

With this structure, the projecting portion, projecting radi 
ally inWardly from the circumferential edge of the elastic 
membrane and extending entirely along the circumferential 
edge in its circumferential direction, can prevent the elastic 
membrane from being deformed in a radial direction thereof. 
Therefore, for example, it is possible to prevent the circum 
ferential edge of the elastic membrane from expanding in the 
radial direction to contact the retainer ring, and therefore 
prevent the elastic membrane from being damaged. The pro 
jecting portion, extending entirely along the circumferential 
edge of the elastic membrane, may be made of a different 
material (e.g., stainless steel or resin) in order to enhance 
strength, or may be made harder than other portions. 

In a preferred aspect of the present invention, the elastic 
membrane comprises a belloWs portion Which is expandable 
in a pressing direction so as to alloW the elastic membrane to 
press the substrate against a polishing surface and is contract 
ible along the pressing direction. 

The above-mentioned projecting portion formed on the 
elastic membrane may cause obstruction to expansion and 
contraction of the elastic membrane in the pressing direction. 
HoWever, the belloWs portion formed in the elastic membrane 
can expand and contract to thereby compensate such obstruc 
tion of expansion and contraction of the elastic membrane. 
Accordingly, the circumferential edge of the elastic mem 
brane can ?exibly folloW the polishing surface. 

The elastic membrane to be brought into contact With the 
rear surface of the substrate may be made thick. This thick 
portion of the elastic membrane contacting the substrate can 
prevent formation of surges running in a radial direction of the 
elastic membrane. This contacting portion of the elastic mem 
brane is preferably thicker than the belloWs portion. The 
belloWs portion is made thin in order to enhance a stretching 
property thereof, and a portion contacting the rear surface of 
the substrate is made thick in order to prevent tWisting of the 
elastic membrane. The engagement portion is preferably 
thicker than the belloWs portion in order to prevent tWisting of 
the elastic membrane. Because the largest moment acts on an 
outermost circumferential portion, this portion is preferably 
thicker than the portion contacting the rear surface of the 
substrate. 

According to another aspect of the present invention, there 
is provided a substrate holding device comprising an elastic 
membrane that is to be brought into contact With a rear surface 
of a substrate, an attachment member for securing at least a 
portion of the elastic membrane, and a retainer ring for hold 
ing a peripheral portion of the substrate While the substrate is 
in contact With the elastic membrane. The elastic membrane 
includes a circumferential membrane having plural cylindri 
cal surfaces Which are concentrically arranged and extend 
toWard the substrate, and a bottom-surface membrane to be 
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4 
brought into contact With the substrate and con?gured to 
intersect With the circumferential membrane at substantially a 
right angle. 

Because the bottom- surface membrane and the circumfer 
ential membrane are con?gured to intersect at substantially a 
right angle, the circumferential edge of the elastic membrane 
can be brought into suf?cient contact With the peripheral 
portion of the semiconductor Wafer to thereby press it. In this 
case, the elastic membrane is preferably made of soft material 
having loW hardness. 

According to another aspect of the present invention, there 
is provided a polishing apparatus comprising a polishing 
table having a polishing surface, and the above substrate 
holding device. In this polishing apparatus, the substrate 
holding device is operable to hold a substrate and press the 
substrate against the polishing surface to thereby polish the 
substrate. 
With this structure, it is possible to prevent tWisting and 

deformation of the elastic membrane attached to a substrate 
holding surface of the substrate holding device to thereby 
achieve high quality polishing. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic vieW shoWing a polishing apparatus 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a vertical cross-sectional vieW shoWing a top ring 
of the polishing apparatus shoWn in FIG. 1; 

FIG. 3 is a cross sectional vieW taken along line III-III 
shoWn in FIG. 2; 

FIG. 4 is a vertical cross-sectional vieW shoWing a top ring 
according to a second embodiment of the present invention; 

FIG. 5 is a vertical cross-sectional vieW shoWing a top ring 
according to a third embodiment of the present invention; 

FIG. 6 is a vertical cross-sectional vieW shoWing a top ring 
according to a fourth embodiment of the present invention; 
and 

FIG. 7 is a vertical cross-sectional vieW shoWing a top ring 
according to a ?fth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A polishing apparatus including a substrate holding device 
according to embodiments of the present invention Will be 
described beloW in detail With reference to FIGS. 1 through 7. 
In FIGS. 1 through 7, identical or corresponding elements are 
denoted by the same reference numerals and Will not be 
repetitively described. 

FIG. 1 is a schematic vieW shoWing a polishing apparatus 
including a substrate holding device according to a ?rst 
embodiment of the present invention. As shoWn in FIG. 1, the 
polishing apparatus comprises a polishing table 2 having a 
polishing pad 1 attached to an upper surface of the polishing 
table 2, and a top ring 3 serving as a substrate holding device 
for holding a substrate such as a semiconductor Wafer W and 
pressing it against the polishing pad 1 on the polishing table 2. 
A polishing liquid supply noZZle 4 is provided above the 
polishing table 2 so that a polishing liquid Q is supplied onto 
the polishing pad 1 through the polishing liquid supply noZZle 
4. The top ring 3 comprises a top ring shaft 5, Which is 
rotatable and vertically movable, and a top ring body 6 
coupled to the top ring shaft 5. In this embodiment, an upper 
surface of the polishing pad 1 serves as a polishing surface. 
When polishing the semiconductor Wafer W, the polishing 

table 2 and the top ring 3 are independently rotated, and the 
top ring 3 presses the semiconductor Wafer W against the 
polishing pad 1 on the polishing table 2 at a predetermined 
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pressure, While the polishing liquid Q is being supplied onto 
the polishing pad 1 through the polishing liquid supply noZZle 
4. During polishing, a surface, to be polished, of the semicon 
ductor Wafer W and the polishing pad 1 are in sliding contact 
With each other, Whereby the surface of the semiconductor 
Wafer W is polished to a ?at and mirror ?nish. 

FIG. 2 is a vertical cross-sectional vieW shoWing details of 
the top ring 3 shoWn in FIG. 1, and FIG. 3 is a cross sectional 
vieW taken along line III-III shoWn in FIG. 2. As shoWn in 
FIG. 2, the top ring body 6 of the top ring 3 comprises a disk 
section 10 coupled to the top ring shaft 5, and a retainer ring 
section 12 con?gured to hold a peripheral portion of the 
semiconductor Wafer. A vertically movable member 14 is 
housed in a space de?ned by the disk section 10 and the 
retainer ring section 12. The vertically movable member 14 is 
coupled to the top ring body 6 via an annular elastic sheet 16. 

The top ring body 6, the vertically movable member 14, 
and the elastic sheet 16 de?ne a pressure chamber 18 inside of 
these components. The pressure chamber 18 is connected to a 
?uid supply source (not shoWn) through a ?uid passage 19. A 
regulator (not shoWn) is provided in the ?uid passage 19 so 
that the pressure of ?uid to be supplied to the pressure cham 
ber 18 can be adjusted by the regulator. This arrangement can 
control pressure in the pressure chamber 18, and can thus 
move the vertically movable member 14 in the vertical direc 
tion. 

An elastic membrane 20 is attached to a loWer surface of 
the vertically movable member 14 by an attachment member 
22. The elastic membrane 20 is provided so as to cover the 
loWer surface of the vertically movable member 14, and is 
con?gured to come into direct contact With a rear surface of 
the semiconductor Wafer. In this speci?cation, the rear surface 
of the semiconductor Wafer means a surface opposite to a 
surface to be polished. The elastic membrane 20 is made of 
highly strong and durable rubber material such as ethylene 
propylene rubber (EPDM), polyurethane rubber, or silicone 
rubber. 

As shoWn in FIG. 2, the elastic membrane 20 comprises a 
bottom-surface membrane 24 to be brought into contact With 
the rear surface of the semiconductor Wafer, a ?rst circumfer 
ential membrane 26 extending upWardly from a circumferen 
tial edge of the bottom-surface membrane 24, and a second 
circumferential membrane 28 positioned radially inWardly of 
the ?rst circumferential membrane 26 and extending 
upWardly from the bottom-surface membrane 24. A radially 
inWardly extending portion 30 is formed on an upper edge 
portion of the circumferential membrane 26, and a radially 
outWardly extending portion 32 is formed on an upper edge 
portion of the circumferential membrane 28. The attachment 
member 22 has base portions 34 and 36 Which press the 
extending portions 30 and 32 of the elastic membrane 20 
against the vertically movable member 14 so as to secure the 
extending portions 30 and 32. 

The bottom- surface membrane 24, the circumferential 
membrane 28, and the vertically movable member 14 de?ne 
a pressure chamber 38 inside of these parts, and the pressure 
chamber 38 is connected to the ?uid supply source through a 
?uid passage 39. A regulator (not shoWn) is also provided in 
the ?uid passage 39 so that pressure of ?uid to be supplied to 
the pressure chamber 38 can be adjusted by the regulator. 
With this arrangement, by adjusting the pressure of ?uid to be 
supplied the pressure chamber 38, pressure in the pressure 
chamber 38 can be controlled. Accordingly, a pressing force, 
Which is applied from the bottom-surface membrane 24 to a 
portion of the semiconductor Wafer underneath the pressure 
chamber 38, can be adjusted. 
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The bottom- surface membrane 24, the circumferential 

membrane 28, the circumferential membrane 26, and the 
vertically movable member 14 de?ne a pressure chamber 40 
inside of these parts, and the pressure chamber 40 is con 
nected to the ?uid supply source through a ?uid passage 41. A 
regulator (not shoWn) is provided in the ?uid passage 41 so 
that pressure of ?uid to be supplied to the pressure chamber 
40 can be adjusted by the regulator. With this arrangement, by 
adjusting pressure of ?uid to be supplied the pressure cham 
ber 40, pressure in the pressure chamber 40 can be controlled. 
Accordingly, a pressing force, Which is applied from the 
bottom-surface membrane 24 to a portion of the semiconduc 
tor Wafer underneath the pres sure chamber 40, can be 
adjusted. 

According to this embodiment, the pressures in the pres 
sure chamber 38 and the pressure chamber 40 are indepen 
dently controlled, so that a pressing force applied to a portion 
of the semiconductor Wafer underneath the pres sure chamber 
38 and the pressing force applied to a portion of the semicon 
ductor Wafer underneath the pressure chamber 40 can be 
independently adjusted. Therefore, a polishing rate (i.e., 
removal rate) can be adjusted at the peripheral portion of the 
semiconductor Wafer and a portion located radially inWardly 
of the peripheral portion. In this manner, the polishing pro?le 
of the semiconductor Wafer can be controlled. 
As shoWn in FIG. 2, block-like projecting portions 42 are 

provided on the circumferential membrane 26 so as to project 
radially inWardly from a circumferential edge of the elastic 
membrane 20. In addition, as shoWn in FIGS. 2 and 3, engage 
ment portions 44, Which engage side surfaces of the project 
ing portions 42, are provided on a loWer portion of the attach 
ment member 22. It is preferable that each of the engagement 
portions 44 has a thickness larger than or equal to a thickness 
of the bottom-surface membrane 24. With this arrangement, 
When the elastic membrane 20 is about to be tWisted due to 
rotation of the top ring 3, the projecting portions 42 of the 
elastic membrane 20 engage the engagement portions 44 of 
the attachment member 22 to thereby suppress tWisting of the 
elastic membrane 20 to a minimal level. Therefore, a polish 
ing pro?le can be appropriately controlled, and high-quality 
polishing can be achieved. 

Although six projecting portions 42 and six engagement 
portions 44 are alternately arranged at equal intervals in the 
example shoWn in FIG. 3, the number of projecting portions 
42 and engagement portions 44 is not limited to this example. 
Additionally, the siZe of the projecting portions 42 and the 
engagement portions 44 is not limited to this example shoWn 
in FIGS. 2 and 3. Furthermore, the projecting portions 42 may 
be formed integrally With the circumferential membrane 26, 
or may be a different material attached to the circumferential 
membrane 26. It is preferable that the projecting portions 42 
and the engagement portions 44 are arranged symmetrically 
about a center of the semiconductor Wafer, i.e., a center of the 
retainer ring section 12, so as to receive equal forces. 
As shoWn in FIG. 2, the circumferential membrane 26 has 

a belloWs portion 46 positioned beloW the base portion 34 of 
the attachment member 22, and the circumferential mem 
brane 28 has a belloWs portion 48 positioned beloW the base 
portion 36 of the attachment member 22. These belloWs por 
tions 46 and 48 alloW the circumferential membrane 26 and 
the circumferential membrane 28 to expand in a direction 
such that the elastic membrane 20 presses the semiconductor 
Wafer against the polishing pad 1, i.e., in a pressing direction. 

The above-mentioned block-like projecting portion 42 
formed on the circumferential membrane 26 may cause 
obstruction to expansion and contraction of the circumferen 
tial membrane 26 of the elastic membrane 20 in the pressing 
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direction. However, the bellows portions 46 and 48 formed in 
the circumferential membrane 26 and the circumferential 
membrane 28 can expand and contract to thereby compensate 
such obstruction of expansion and contraction of the circum 
ferential membrane 26. Accordingly, a circumferential edge 
of the elastic membrane 20 can ?exibly folloW the polishing 
surface of the polishing pad 1. 

FIG. 4 is a vertical cross-sectional vieW shoWing a top ring 
103 according to a second embodiment of the present inven 
tion. A block-like projecting portion 142 is provided on the 
circumferential membrane 26 of the elastic membrane 20 of 
the top ring 103. The projecting portion 142 projects radially 
inWardly from a circumferential edge of the elastic membrane 
20, and extends entirely along the circumferential membrane 
26 in its circumferential direction. Therefore, the attachment 
member 22 of this embodiment does not have the engagement 
portions 44 of the ?rst embodiment. Other structures are the 
same as the ?rst embodiment. 

The projecting portion 142, projecting radially inWardly 
from the circumferential membrane 26 of the elastic mem 
brane 20 and extending entirely along the circumferential 
membrane 26, can prevent the circumferential membrane 26 
from being deformed in a radial direction thereof. Therefore, 
it is possible to prevent the circumferential membrane 26 
from expanding in the radial direction to contact the retainer 
ring section 12 during rotation of the top ring 103, and there 
fore prevent the circumferential membrane 26 from being 
damaged. 

FIG. 5 is a vertical cross-sectional vieW shoWing a top ring 
203 according to a third embodiment of the present invention. 
The top ring 203 is an improvement of the top ring 103 of the 
second embodiment. Speci?cally, a bottom-surface mem 
brane 224 of the elastic membrane 20 is thicker than the 
bottom-surface membrane 24 of the second embodiment, and 
is thicker than the belloWs portions 46 and 48. Speci?c thick 
ness of the bottom-surface membrane 224 contacting the 
semiconductor Wafer is preferably in the range of 1.2 to 2.0 
mm. According to this embodiment, the thick bottom-surface 
membrane 224 can prevent formation of surges running in a 
radial direction of the elastic membrane 20. 

FIG. 6 is a vertical cross-sectional vieW shoWing a top ring 
303 according to a fourth embodiment of the present inven 
tion. In this embodiment, the projecting portions 42 of the ?rst 
embodiment and the projecting portion 142 of the second and 
third embodiments are not provided on the circumferential 
membrane 26 of the elastic membrane 20, and the bottom 
surface membrane 224 contacting the semiconductor Wafer is 
made thick as With the third embodiment. 

FIG. 7 is a vertical cross-sectional vieW shoWing a top ring 
403 according to a ?fth embodiment of the present invention. 
An attachment member 422 of this embodiment has a ring 
shape. An entire inner circumferential surface of the attach 
ment member 422 is in contact With a circumferential mem 
brane 428 of the elastic membrane 20, and an entire outer 
circumferential surface of the attachment member 422 is in 
contact With a circumferential membrane 426 of the elastic 
membrane 20. In this embodiment, the elastic membrane 20 
does not have the belloWs portions 46 and 48 of the above 
embodiments, and the circumferential membrane 426 of the 
elastic membrane 20 is formed by a cylindrical surface 
extending in the pressing direction. 

In the previously mentioned embodiments, the belloWs 
portions formed in the elastic membrane extend to alloW the 
elastic membrane to press the peripheral portion of the semi 
conductor Wafer. On the other hand, the elastic membrane 20 
of this embodiment does not have the belloWs portions. Con 
sequently, the elastic membrane 20 may not expand enough to 
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8 
appropriately press the peripheral portion of the semiconduc 
tor Wafer. In vieW of this, the bottom-surface membrane 24 
and the circumferential membrane 426 of the elastic mem 
brane 20 are con?gured to intersect at substantially a right 
angle, so that the circumferential edge of the elastic mem 
brane 20 can suf?ciently be brought into contact With the 
peripheral portion of the semiconductor Wafer to thereby 
press it. In this embodiment, the elastic membrane 20 is 
preferably made of soft material having loW hardness. 

In the above-mentioned embodiments, some portions, such 
as an outer circumferential portion and its nearby portion, of 
the attachment members 22 and 422, and/or an inner circum 
ferential portion of the retainer ring section 12 may be made 
of loW frictional material such as ?uorine resin, because these 
portions are likely to come into sliding contact With the cir 
cumferential membranes 26 and 426 and the circumferential 
membranes 28 and 428. Further, in order to loWer surface 
friction, the circumferential membranes 26 and 426 and the 
circumferential membranes 28 and 428 may be impregnated 
With silicon, ?uorine, or their compounds. Such structures 
can prevent the elastic membrane 20 from being tWisted dur 
ing polishing, and can alloW the circumferential membranes 
26 and 426 and the circumferential membranes 28 and 428 to 
smoothly move With respect to the vertically movable mem 
ber 14 and the retainer ring section 12. Accordingly, a polish 
ing pro?le can be appropriately controlled, and hence high 
quality polishing can be achieved. 

Although the polishing pad forms the polishing surface in 
the above embodiments, the present invention is not limited to 
such a structure. For example, the polishing surface may be 
constituted by a ?xed abrasive. The ?xed abrasive is a plate 
like polishing tool comprising abrasive particles ?xed by a 
binder. A polishing process using the ?xed abrasive is per 
formed by abrasive particles that are self-generated from the 
?xed abrasive. The ?xed abrasive comprises abrasive par 
ticles, a binder, and pores. For example, cerium dioxide 
(CeO2) having an average particle diameter of at most 0.5 pm 
is used as the abrasive particles, and epoxy resin is used as the 
binder. Such ?xed abrasive forms a hard polishing surface. 
Examples of the ?xed abrasive include, other than the above 
plate-like polishing tool, a ?xed abrasive pad having a tWo 
layer structure formed by a thin layer of a ?xed abrasive and 
an elastic polishing pad attached to a loWer surface of the thin 
layer of the ?xed abrasive. 

Although certain preferred embodiments of the present 
invention have been described, it should be understood that 
the present invention is not limited to the above embodiments, 
and various changes and modi?cations may be made Without 
departing from the scope of the technical concept of the 
present invention. 

INDUSTRIAL APPLICABILITY 

The present invention is applicable to a substrate holding 
device for pressing a substrate via an elastic membrane 
against a polishing surface of a polishing apparatus. 

The invention claimed is: 
1. A substrate holding device for pressing a substrate 

against a polishing surface, said substrate holding device 
comprising: 

a top ring body; 
a vertically moveable member being moveable indepen 

dently from said top ring body; 
an elastic membrane arranged to be brought into contact 

With a rear surface of the substrate, said elastic mem 
brane having a plurality of proj ecting portions; 
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an attachment member securing at least a portion of said 
elastic membrane to said vertically moveable member; 
and 

a plurality of engagement portions provided on said attach 
ment member, each engagement portion in said plurality 
of engagement portions being con?gured to engage an 
adjacent projecting portion in saidplurality of projecting 
portions so as to prevent tWisting of said elastic mem 
brane, 

Wherein said projecting portions and said engagement por 
tions are arranged so as to alternate and said projecting 
portions and said engagement portions are symmetri 
cally arranged about a center of said elastic membrane. 

2. The substrate holding device according to claim 1, 
Wherein said projecting portions project radially inWardly of 
said elastic membrane. 

3. The substrate holding device according to claim 1, 
Wherein each engagement portion of said plurality of engage 
ment portions is provided on a loWer portion of said attach 
ment member, and each engagement portion of said plurality 
of engagement portions has a thickness larger than or equal to 
a thickness of said elastic membrane. 

4. The substrate holding device according to claim 1, 
Wherein said elastic membrane comprises a belloWs portion 
Which is expandable and contractible along a pressing direc 
tion in Which the substrate is pressed against the polishing 
surface. 

5. The substrate holding device according to claim 4, 
Wherein said elastic membrane has a bottom-surface mem 
brane con?gured to contact the substrate, and said bottom 
surface membrane is thicker than said belloWs portion in the 
pressing direction. 

6. The substrate holding device according to claim 1, 
Wherein 

each engagement portion in said plurality of engagement 
portions is a ?rst protrusion extending radially out 
Wardly and each projecting portion in said plurality of 
projecting portions is a second protrusion extending 
radially inWardly. 

7. The substrate holding device according to claim 1, 
Wherein 

each engagement portion in said plurality of engagement 
portions includes a ?rst radially extending surface fac 
ing in a ?rst circumferential direction and each project 
ing portion in said plurality of projecting portions 
includes a second radially extending surface facing in a 
second circumferential direction, the second circumfer 
ential direction being opposite the ?rst circumferential 
direction, and said ?rst surface for each engagement 
portion being con?gured to engage an adjacent second 
surface so as to prevent tWisting of said elastic mem 
brane. 

8. A substrate holding device for pressing a substrate 
against a polishing surface, said substrate holding device 
comprising: 

a top ring body; 
a vertically moveable member being moveable indepen 

dently from said top ring body; 
an elastic membrane arranged to be brought into contact 

With a rear surface of the substrate, said elastic mem 
brane including a circumferential membrane having a 
belloWs portion being expandable and contractible in a 
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pressing direction in Which the substrate is pressed 
against the polishing surface, said belloWs portion being 
positioned beloW said vertically moveable member; and 

an attachment member securing at least a portion of said 
elastic membrane to said vertically moveable member, 
said attachment member having a plurality of engage 
ment portions arranged about a center of said attachment 
member; 

Wherein said elastic membrane includes a plurality of pro 
jecting portions, Wherein the projecting portions and 
engagement portions are alternately arranged around the 
circumference of the elastic membrane such that the 
engagement portions engage adjacent projecting por 
tions and extends entirely along said circumferential 
membrane so as to prevent said circumferential mem 
brane from being deformed in a radial direction. 

9. The substrate holding device according to claim 8, 
Wherein said elastic membrane has a bottom-surface mem 
brane con?gured to contact the substrate, and said bottom 
surface membrane is thicker than said belloWs portion in the 
pressing direction. 

10. The substrate holding device according to claim 8, 
Wherein 

said projecting portions are constructed and arranged so as 
to prevent said circumferential membrane from expand 
ing in a radial direction to contact a retainer ring. 

11. A substrate holding device for pressing a substrate 
against a polishing surface, said substrate holding device 
comprising: 

a top ring body; 
a vertically moveable member being moveable indepen 

dently from said top ring body; 
an elastic membrane arranged to be brought into contact 

With a rear surface of a substrate, said elastic membrane 
including a circumferential membrane having a belloWs 
portion Which is expandable and contractible in a press 
ing direction in Which the substrate is pressed against the 
polishing surface, said belloWs portion being shaped so 
as to enable said elastic membrane to ?exibly adjust such 
that said elastic membrane continuously contacts the 
polishing surface during polishing of the substrate, said 
belloWs portion being positioned beloW said vertically 
moveable member; and 

an attachment member securing at least a portion of said 
elastic membrane to said vertically moveable member; 
Wherein the elastic membrane has a plurality of project 
ing portions and the attachment member has a plurality 
of engagement portions, and the projecting portions and 
engagement portions are alternately arranged around the 
circumference of the elastic membrane such that the 
engagement portions engage adjacent projecting por 
tions. 

12. The substrate holding device according to claim 11, 
Wherein said projecting portions extend along said circum 
ferential membrane so as to prevent said circumferential 
membrane from being deformed in a radial direction. 

13. The substrate holding device according to claim 11, 
Wherein said top ring body includes a retainer ring con?gured 
to hold a peripheral portion of the substrate While the sub 
strate is in contact With said elastic membrane. 
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